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Data on the seed morphology of three pine species (Pinus 
pinea L., P. pinaster Ail., and P. radiata D. Don) in the 
south-western Cape Province are presented. The seeds of 
both P. pinaster and P. radiata are relatively small (50 and 
20 mg respectively) and have relatively large wings (190 and 
110 mm2 respectively). Pinus pinea, on the other hand, has 
a relatively large (700 mg) seed and a small wing (24 mm2). 
We show that P. pinaster is capable of dispersal away from 
the parent trees, whereas P. pinea seedlings occur only 
under parent trees. This supports the hypothesis that P. 
radiata and P. pinaster tend to be invasive by virtue of 
possessing winged seeds adapted for long-range dispersal. 
S. Afr. J. Bot. 1986, 52: 546-548 
Data op die saadmorfologie van drie dennesoorte in die 
Suidwes-Kaap (Pinus pinea L., P. pinaster Ail. en P. radiata 
D. Don) word gegee. Die saad van beide P. pinaster en P. 
radiata is relatief klein (50 en 20 mg respektiewelik) en is 
relatief sterk gevleuel (vlerk oppervlaktes van 190 en 110 
mm2 respektiewelik). Pinus pinea het 'n groat saad (630 mg) 
en is swak gevleuel (vlerk oppervlakte van 20 mm2). Ons 
loon dat P. pinaster instaat is om vanaf die moederplant te 
versprei , terwyl saailinge van P. pinea slegs onder die kroon 
van moederplante voorkom. Hierdie gegewens ondersteun 
die hipotese dat P. radiata en P. pinaster geneig is om 
natuurlike plantegroei in te dring omdat hulle sterk 
gevleuelde sade het, wat oar lang afstande kah versprei. 
S.-Afr. Tydskr. Plantk. 1986, 52: 546-548 
Keywords: Alien invasives, fynbos, pines, seed dispersal 
B.W. van Wilgen* 
South African Forestry Research Institute, Jonkershoek Forestry 
Research Centre, Private Bag X5011, Stellenbosch, 7600 Republic 
of South Africa 
W .R. Siegfried 
FitzPatrick Institute, University of Cape Town, Rondebosch, 7700 
Republic of South Africa 
*To whom correspondence should be addressed 
Accepted 29 May 1986 
Introduction 
A number of European and American pine (Pinus) species 
have been introduced to the south-western Cape Province of 
South Africa (Poynton 1979). Some of these have becom~ 
aggressive invaders of the natural fynbos (shrubland) vege-
tation. For example, Macdonald & Jarman (1984) list P. 
pinaster AiL, P. radiata D. Don and P. pineaL. as fourth , 
seventh and 27th respectively in terms of their overall im-
portance in a list of 33 alien invasive plant species in the fynbos 
biome. 
In this report we examine the seed dispersal properties of 
P. pinaster, P. radiata and P. pinea, and relate these to the 
patterns of spread observed in two of these species in the field . 
Data on the seed dispersal properties of alien species will be 
useful in formulating models of the population dynamics of 
these species, which in turn will aid the development and 
application of control measures. Pinus radiata originates from 
the coastal regions of central California. Pinus pinaster and 
P. pinea occupy similar habitats in mediterranean Europe, 
and abundant habitat is available to all three species in the 
south-western Cape. Pinus pinaster and, more recently, P. 
radiata are successful invaders, whereas P. pinea is not. Both 
Pinus pinaster and P. pinea have been present in the south-
western Cape for more than 100 years (Poynton 1979), 
although P. pinaster has been more widely planted. Pinus 
radiata has been present since 1865 but has only recently (since 
about 1930) been planted on a large scale (Poynton 1979). 
Pinus pinaster and P. radiata have light, winged seeds, 
whereas P. pinea has a relatively heavy seed with a vestigial 
wing. We examine in part the hypothesis that the first two 
species are invasive by virtue of possessing winged seeds 
capable of long-distance dispersal . 
Methods 
Samaras (seeds plus wings) of the three species were collected 
from about 10 fresh cones. The cones were taken from five 
small P. pinaster trees, and from one large individual of each 
of the other two species. The samples were pooled and then 
seeds were selected at random for further measurement. 
Twelve fresh samaras of each species were used to determine 
rates of fall . The time taken for each samara to reach the 
ground when dropped in still air from a height of 2 m was 
determined. The procedure was repeated three times for each 
samara, and the mean value for each samara was used in 
subsequent analyses. The total surface area of the samara (seed 
plus wing), and the area of the seed and the wing separately, 
was determined for a sample of 12 seeds of each species. 
The combined seed and wing were placed on I mm graph 
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paper and the outline was drawn. Areas were estimated by 
counting the squares included. Areas of greater than half a 
square were included. Individual seeds were then weighed. The 
total fresh mass of the samara, and of the seed and wing 
separately, were determined. The samara wing loading, 
defined as W I A, where W is the fresh mass (mg) and A is 
the surface area (100 mm2) (Green 1980), was calculated for 
each species. The data were used to test the null hypothesis 
that no differences exist between the three species with respect 
to these parameters. 
Data on the dispersal of P. pinaster were collected at the 
Jakkalsrivier catchments near Grabouw (34° 09'S, 19° 09'E). 
The catchments are bordered by a plantation of P. pinaster 
(15 years old). The catchments were cleared of pines about 
6 years prior to the survey. Two transects, 50 m wide and 
900 m long, were positioned at right angles to the plantation 
boundary. The distance of all pines in the transect from the 
plantation boundary was recorded. 
Data on the dispersal of P. pinea were obtained from the 
Rondebosch Common (33° 57'S, 19° 29'E). A transect, 50 m 
wide and 400 m long, was positioned at right angles to a stand 
of mature trees on the western side of the common. This 
transect originated from 20 m inside the mature stand. A 
second transect, 50 m wide and 600 m long, originated from 
the base of a lone tree at the southern end of the common. 
About 6 m of the transect lay below the canopy. The number 
of seedlings, and their distance from the parent stand, was 
recorded by height categories. 
Results 
Features of the seeds of the three species are presented in 
Table I. Statistical data are given in Table 2. Significant 
differences in the rate of fall were found between the three 
species, although these were not marked between P. radiata 
and P. pinaster. Pinus pinea samaras drop straight to the 
ground, whereas those of the other two species rotate and 
fall relatively slowly. The samara wing loadings were sig-
nificantly different between P. pinea and the other two species, 
but the difference between P. radiata and P. pinaster was not 
significant. From these results, marked differences in the 
dispersal patterns between Pinus pinea on one hand, and P. 
radiata and P. pinaster on the other hand, can be expected, 
since wing loading is a very good predictor of dispersability 
(Green 1980). 
The density of P. pinaster trees as a function of distance 
from the parent stand is shown in Table 3. Density decreases 
Table 1 Features of the seeds of three species of pine. 
All figures are the means of 12 observations. Standard 
deviations are given in brackets 
Pinus pinea P. radiata P. pinaster 
Rate of fall (m s- 1) 3,39(0,18) 0,88(0,31) 1,12(0,21) 
Projected surface 
area (mm2) 
Seed 115(11,6) 19(3,9) 26(4,9) 
Wing 24(12,3) 109(22,1) 189(29,2) 
Total samara 139(16,0) 128(23,0) 216(31,1) 
Fresh mass (mg) 
Seed 708,0(70, I) 19,9(7,5) 51 ,2(14,9) 
Wing 2,2(0,4) 4,5(1, I) 5,6(0,8) 
Total samara 710,2(70,2) 24,4(8,4) 56,8(15,7) 
Samara wing loading 
(mg 100 mm - z) 513,8(56,8) 20,5(9,4) 26,8(8,3) 
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with distance from the parents, but a significant number of 
trees nontheless disperse to at least 900 m. 
Seedlings of P. pinea were common in the 20 m section 
of the transect below the canopy of the mature stand and 
were abundant in the 6 m section of the transect below the 
lone tree. The transects were otherwise devoid of seedlings, 
Table 2 Values of t and levels of significance for a 
comparison of the features (Table 1) of seeds of three 
species of pine, using Student 's t test at 22 degrees 
of freedom. In the table, 1 P. pinea, 2 = P. radiata 
and 3 = P. pinaster 
I vs. 2 I vs. 3 2 vs. 3 
p p 
Rate of fall 9,97 <0,001 11 ,51 <0,001 2,30 
Projected 
surface area 
Seed 27,23 <0,001 27,48 <0,001 3,98 
Wing 11,61 <0,001 18, 12 <0,001 7,65 
Total 
samara 1,41 N.S. 7,60 <0,001 7,89 
Fresh mass 
Seed 33 ,86 <0,001 31,78 <0,001 6,49 
Wing 7,02 <0,001 13 ,67 <0,001 2,84 
Total 
samara 33 ,56 <0,001 31 ,43 <0,001 6,32 
Samara wing 29,69 <0,001 29,40 <0,001 0,95 
loading 
Table 3 Density of Pinus pinaster trees 
invading fynbos vegetation, as a function 
of distance from the parent stand 
Distance from the Mean number of 
parent stand (m) trees per ha 
0 - 100 41 
100 - 200 15 
200 - 300 24 
300 - 400 7 
400 - 500 23 
500 - 600 6 
600 - 700 7 
700-800 4 










Table 4 The number of Pinus pinea seedlings of va-
rious height classes found on a section of a 50-m 
transect below the canopy of mature trees on the 
Rondebosch Common. Seedlings occupied about 20 m 
of the transect below the mature stand and about 6 m 
below the lone tree 
Height class (m) Mature stand Lone tree 
<0,5 90-100 400-500 
0,5 - I 9 8 
1 - 2 2 6 
2 - 5 9 61 
5 - 10 II 
10 - 30 16 9 
Cut down (>5) 52 
Total ± 195 ±530 
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however, supporting the hypothesis that the seed dispersal is 
low. The officer in charge of management of the Common 
(Mr Nieuwoudt) confirmed that alien plants are periodically 
removed from the Common, but that seedlings of P. pinea 
are seldom found further than about 25 m from the parent 
trees . Thus, although seedlings may have been removed from 
our transects, their recorded dispersal is low. We have also 
seen that no spread occurs from P. pinea plantations in the 
vicinity of Louw's Bos (near Stellenbosch) and on the Groote 
Schuur Estate on the lower slopes of Devil's Peak (near Cape 
Town). Table 4 presents the data for seedlings present below 
the canopies of the mature stand and the lone tree. The range 
of height classes present below the parent trees indicates that 
regeneration had taken place over a number of years. 
Although we did not collect data on the dispersal of Pinus 
radiata, dispersal has been shown to occur (Richardson & 
Brown 1986). Initial colonizers from a plantation at Jon-
kershoek (330° 57'S, 28° 55'E) established at distances of 
up to 3 km from the seed source. 
Discussion 
Fire tolerance and dispersal ability may explain much of the 
superior competitive ability that invasive species show over 
indigenous shrubs (Macdonald 1984). Species that become 
invasive must be able to both disperse to a new site and 
proliferate on arrival there. Richardson & Brown (1986) 
have shown that fire is important in the invasion process by 
Pinus radiata. Sparse populations, established by effective 
dispersal from nearby plantations, increased rapidly after fire. 
Where fire was excluded, population growth was slower. 
Indigenous species are often relatively fire-sensitive compared 
to successful invaders . Bond et a/. (1984) have shown that 
fires in the 'wrong' season may decimate indigenous Protea 
populations, whereas too frequent fire has much the same 
result (Van Wilgen 1982). Recolonization of areas denuded 
of reseeding shrubs depends largely on effective dispersal. 
Bond (1980) found that seed dispersal in the Proteaceae was 
'relatively inefficient' and could be limited by minor barriers. 
Manders (1986) found a maximum dispersal distance of 
26,3 m for Protea laurifolia Thunb., with 950Jo of recruitment 
within 15 m of the parent plant. Similarly, Slingsby & Bond 
(1985) found a maximum dispersal distance of 9,84 m for 
Leucospermum conocarpodendron (L.) Buek (Proteaceae), 
which has ant-dispersed seeds. Long-range recolonization by 
indigenous shrubs such as Proteaceae species is not likely to 
occur. Areas denuded of fire-sensitive indigenous shrubs by 
ill-timed fires can be rapidly colonized by alien shrubs and 
trees that disperse effectively. Successive fires on these sites 
will then ensure proliferation of the alien species. 
Our results indicate that P. pinaster disperses actively into 
natural vegetation, whereas P. pinea does not, as was pre-
dicted from seed morphology. The ability to disperse over long 
distances alone does not mean that a species will become 
invasive. For example, Richardson eta/. (in press) compared 
the invasive potential of four Hakea species in the fynbos . 
They show that one species (H. sericea Schrad.) is aggressively 
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invasive, two [H. gibbosa (Sm.) Cav. and H. suaviolens R. 
Br.] are moderately invasive, and one [H. salicijolia (Vent.) 
B.L. Burtt.] does not invade fynbos. This is despite all 
four species having similar samara wing loadings (19,5 mg 
100 mm - 2 for H. sericea, 22,7 for H. gibbosa, 14,8 for H. 
sauviolens and 20,6 for H. salicijo!ia). The superior invasive 
ability of H. sericea is explained largely by its much higher 
fruit production resulting in the effective dispersal of large 
numbers of propagules, whereas the inability of H. salicijo!ia 
to invade is attributed to inadequate protection of seeds from 
fire. Similar data on aspects of the reproductive ecology of 
pines, such as youth periods, serotiny, seed production and 
germination requirements are required to quantify and com-
pare the invasive ability of pines, particularly with regard to 
those with winged seed. However, at this stage it would appear 
that P. pinea is not a priority species for investigation as an 
invasive. The inability of P. pinea to disperse over long 
distances will both limit its invasive potential and allow for 
relatively easy control, despite its ability to survive and 
reproduce in the fynbos environment. 
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